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The kinetics of photochemical reaction of o-nitrobenzaldehyde has been studied polaro-
graphically. A linear relationship between diffusion current and time of exposure of the
solution of o-nitrobenzaldehyde to light of wavelength 2895-3340A has been observed. The
photochemical reaction has been found to follow zero order law when the reactant absorbs
completely the incident light and the rate constants of photoisomerization of o-nitrobenzalde-
hyde at pH 6·2/9·4 and 2·07 are 0·002 and 0·007mmoles Htre! rrrin ? respectively. The results
reveal that a polarograph can be used as actinometer.
POLAROGRAPHY has been used to study thekinetics of either photoreactions proper or of thereaction subsequent to irradiation. Berg and
Schweiss- studied the kinetics of a photoreaction
from the measurements of instantaneous diffusion
current. In the present paper are presented results
on the kinetics of photochemical reaction of o-nitro-
benzaldehyde in acidic and alkaline medium carried
out directly in a polarographic cell.
Materials and Methods
A manual polarograph was used. The charac-
teristics of the capillary were: drop time t = 4 sec
m = 1·124 mg/sec. Mercury arc lamp with suitable
filters- was used as light source. The geometrical
set up of the light source, filters and the cell made
up of quartz was kept constant for a particular
experiment.
Stock solutions of o-nitrobenzaldehyde were pre-
pared in 25% acetone (acetone-water). They were
diluted with acetone-water mixture and buffer
solution to the required concentration of o-nitro-
benzaldehyde in the polarographic cell. Hydrogen
gas was passed through the solution to remove dis-
solved oxygen. Increasing potentials in the range
of 0 to 1·6 V(vs SeE) were then applied to the cell
and the corresponding currents were recorded at
300 ± 0.10• The solution was exposed to the light
of wavelength 2895-3340 A for a definite period.
After the exposure of the solution to light, the
solution was thoroughly stirred by bubbling hydro-
gen, and the current and applied voltage for the
solution were recorded. These operations of ex-
position of the solution to light and recording of
current-voltage were repeated till there was no
further decrease of limiting current with more
exposure of the solution to light. Limiting current,
differed from the residual current determined from
the reading of the solution without the depolarizer
gave the diffusion current.
Results and Discussion
In the process of isomerization of o-nitrobenzal-
dehyde, when the compound is irradiated by light
of wavelength in the range 3130-4360 A either as
solid or in acetone solution, an oxygen atom
is removed from the nitro group and transferred
to aldehyde group, forming o-nitrosobenzoic acid.
Leighton and Lucy" observed that the photoiso-
merization of o-nitrobenzaldehyde is intramolecular,
since it is concentration independent and does not
occur with meta and para isomers. The quantum
efficiency is nearly one half, both in acidic and
alkaline solution with no side or reverse reaction.
o-nitrobenzaldehyde is reducable at the dropping
mercury electrode. The nitro group in o-nitrobenz-
aldehyde undergoes reduction to -NHIL through the
steps
-;..N02-;..NO-;..NHOH-;..NHIL
and the NO group of the photoisomerization product,
o-nitrosobenzoic acid is likely to undergo reduction
through the steps
-;..NO-;..NHOH-;..NH.
In the present investigation the reduction process
of o-nitrobenzaldehyde in acetone-water mixture
both in acidic and alkaline medium at d.m.e. has
been studied. Fig. 1 shows the characteristic waves
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Fig. 1 - Reduction of o-nitrobenzaldehyde (1'01 X 10-3M) in
acetone-water mixture at d.m.e. [PH, 2·07 and 9·4, temp.,
300J
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of o-nitrobenzaldehyde at PH 2·07 and 9·4 in acetone-
water mixture. The half-wave potential for the
nitro group reduction is dependent on pH. It is
known that the nitro group is reduced to hydroxyl-
amine in the first stage of the reduction involving
4 electrons (Eq. 1) and then to amine group involving
2 electrons (Eq. 2):
-N02+4H++4e-~ -NHOH+HlIO (1)
-NHOH+2H+ +2e-~ -NHa+H:p (2)
Both in acid and alkaline medium, the first wave
was recorded the second wave probably was masked
with that of aldehyde group. The diffusion current
was proportional to the concentration. of o-ni~ro-
benzaldehyde according to the Ilkovic equation,
Korshunov and Sazanova+ carried out the polaro-
graphic reduction of o-nitrobenzaldehyde in buffered
ethanol-water medium. They found that the first
wave represents the reduction of the nitro ~roup !o
hydroxylamine, and the. sec<;md wave In a~ld
solution represents a combination of the reduction
of hydroxylamine group to amine, and the aldehyde
group. Day and Powerss als~ observed similar ~esult.
o-Nitrobenzaldehyde solution was then subjected
to irradiation with light of wave length 2895-3340
A for different intervals of time. Polarographic
waves were obtained after each exposure of the
solution to light for predetermined ti~e. It was
found that the nature of the waves remains more or
less same, but the wave height decreases, indicating
the decrease of the diffusion current due to the de-
crease in [c-nitrobenzaldebyde] at PH 2·07 and 904-
The product of the pbotochemical reaction is
o-nitrosobenzoic acid which is also reducible at d.m.e.
When the photoisomerization was complete, the
diffusion current was found to be about one-half
of that for o-nitrobenzaldehyde (unexposed). It
may be assumed that the nitroso group of o-nit~o-
sobenzoic acid is also reduced to hydroxylamine
group involving 2 electrons (Eq. 3).
-NO+2H++2e = -NHOH ...(3)
The half wave potential, Et, for nitroso group
probably did not change appr~cia~ly.
The relation between the diffusion current at a
certain stage of exposure of the solution .of o-nitro-
benzaldehyde to light and. its .concentrat:on can be
obtained, assuming the diffusion coe~cle~ts of 0-
nitrobenzaldehyde and o-nitrosobenzoic acid to be
same (Eqs. 4 and 5)
(id) .• = (id) ••+ (id)s
k
= k.a·+Z(ao-a)
= ka+ao
2
and
(i~)••= k.ao ... (5)
where (id)" is the total diffusion curre~t at a .certain
stage of exposure of the solution to lIgh~, (1d) •• and
(id). are the diffusion cu~ents cont~lbut~d by
o-nitrobenzaldehyde and o-mtrosobe~zOlc aCId. res-
pectively, ao and a are the concentratlOns of o-nitro-
... (4)
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Fig. 2 - Relation between diffusion current (id) and ti~e of
exposure of o-nitrobenzaldehyde in acetone-water mixture
to light (). = 2895-3340 A) at different pH
benzaldehyde of the original and expose? solutions
respectively, and k is the constant relating concen-
tration with diffusion current. A factor ! for
nitroso group reduction is obvious (2 electron
process) and (i~)•• is the diffusior: current of the
original o-nitrobenzaldehyd e solution.
From Eqs. (4 and 5),
(. ) (a +ao)(i~) ••~x= 2 (6)ao ...
As (id)x and a are linearly related, the diffusion
current (concentration) of o-nitrobenzalde~yde/o-
nitrosobenzoic acid solution should decrease linearly
with the time of exposure of the solution to the light,
when the reactant absorbs completely the incident
light and there is no other thermal or photochemical
processes taking place", A linear relation between
diffusion current and the time of exposure of the
solution of o-nitrobenzaldehyde to light of wave-
length 2895-3340 A was observed (Fig. 2) in the
present case.
The rate constant of the photochemical reaction
was det ermined as follows": when the reactant ab-
sorbs almost completely the incident light, (i .e. f:
CAl > 2; where E, molar extinction coefficient, CA
= concentration of the reactant and I = length of
the cell) the rate of the photoreaction will be given
by Eq. (7)
_ dCA - 4>l~
dt - °v ...(7)
where rp = quantum efficiency,S = window area and
V = volume of solution. In such case the photo-
reaction follows a zero crder law. The slope of the
plot of CA against time would then give the rate
constant. From Fig. 2, the rate constant!' of photo-
isornerizations of o-nitrobenzaldehyde at different
PH were calculated employing Ilkovic equation".
The values at 30° were found to be 0·002 and 0·007
mmoles Iitre! mirr ' at PH 6·2/9·4 and PH 2'07,
respectively. The rate of isomerization is higher at
higher [H+].
The photochemical decomposition of acetone if
any (from the result of blank solution of acetone)
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did not affect the polarographic curve of o-nitroben-
zaldehyde in the region of the applied voltage
studied.
The experimental results reveal that a suitable
photochemical reaction can be applied polarogra-
phically to measure the quanta of light absorbed,
i.e. a polarograph can be used as an actinometer.
In this connection it may be referred that Pitts
et aX.8 used o-nitrobenzaldehyde actinometer consisting
of o-nitrobenzaldehyde in KBr solid disc. The
rate of reaction was followed by recording the
spectra as a function of time. The diminution of
the band at 1530 cm-1was attributed to the gradual
disappearance of nitro group.
,
References
1. BERG, H. & SCHWEISS,H., Nature, 191 (1961), 1280.
2. BOWEN, E. J.. The chemical aspects of light (Clarendon
Press, Oxford), 1948, 279.
3. LEIGHTON, P. L. & Lucy. F. A., J. chem. Phys., 2 (1934),
759, 760.
4. KARSHUNOV.A. & SAZANOVA,L. N., Zh. Fiz. Khim., 23
(1949), 1299.
5. DAY. R. A. & POWERS, R. M., J. Am. chem, s«; 76
(1954), 3085.
6. VALZANI, V. & CARASSITA, V., Photochemistry of co-
ordination compounds (Academic Press, London), 1970,
12.
7. ILKOVIC, D .• Colln Czech. chem. Commun., 6 (1934),
498.
8. PITTS, J. N. (Jr), WAN. J. K. S. & SCHUCK, E., J. Am.
chem. Soc .• 86 (1964). 3606.
655
